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TRANSONIC AERODYNAMIC CHARACTERISTICS OF A MEDIUM 
HYPERSONIC L/D REENTRY SPACECRAFT WITH A 
VARIABLE GEOMETRY WING 

By John P. Decker 
Langley Research Center 

SUMMARY 

A wind-tunnel investigation was conducted at Mach numbers from 0.40 to 1.20 to 
determine the basic longitudinal and lateral -directional aerodynamic characteristics of a 
variable geometry spacecraft having a hypersonic lift-drag ratio near 2. The configura- 
tion investigated represents one approach to improve the subsonic lift-drag ratio of a 
lifting body by incorporation of severe afterbody boattailing to decrease base drag and by 
the addition of an internally stowed variable -sweep rigid wing. 

The results of the investigation indicated that deploying the wings to 20°, 65°, or 75° 
increased the static longitudinal stability of the basic spacecraft at test Mach numbers 
from 0.40 to 1.20. The model with the wings stowed or deployed required a large nega- 
tive deflection of the elevons to trim at any reasonable lift coefficient as a result of a 
negative pitching moment at zero lift that caused a substantial loss in maximum lift-drag 
ratio. The model with the wings deployed to 20° had pitch-up near the lift coefficient for 
maximum lift-drag ratio at Mach numbers of 0.40 and 0.60. 

The model with the wings deployed to 20° had positive effective dihedral throughout 
the angle -of -attack range at Mach numbers of 0.40 and 0.60 whereas sweeping the wings 
to 75° provided the model with positive effective dihedral at Mach numbers above 0.60. 

The static directional stability of the model with the wings deployed to 20° or 75° was 
deficient over large sections of the angle -of -attack range at all test Mach numbers. 

INTRODUCTION 

The National Aeronautics and Space Administration is presently conducting inves- 
tigations on several types of variable geometry spacecraft having hypersonic lift-drag 
capability from 1 to about 3. One such vehicle having a hypersonic lift-drag ratio near 2 
has been investigated in the Langley 8-foot transonic pressure tunnel to determine basic 
longitudinal and lateral -directional aerodynamic characteristics at transonic speeds. 



The configuration investigated represents one approach to improving the subsonic 
lift-drag ratio of a lifting body by incorporation of severe afterbody boattailing to decrease 
the base drag and by the addition of an internally stowed variable -sweep rigid wing. Aero- 
dynamic control surfaces, located at the trailing edge on the top and bottom surface of the 
body, may function in unison at subsonic speeds to minimize base drag, or independently 
at higher speeds under conditions where base drag is of less significance. The wing, of 
rectangular planform and stowed inside of the spacecraft just above the lower surface 
heat shield, was sized to maximize the useful wing area in subsonic flight. At subsonic 
speeds the wing would be deployed to a low sweep position, whereas at transonic speeds 
the wing could be deployed in a high sweep position to improve the static longitudinal sta- 
bility if necessary. This present configuration design philosophy was derived primarily 
from the baseline vehicle described in reference 1. 

The spacecraft was tested with the wings deployed to 20°, 65°, 75°, and 90° (stowed) 
at' Mach numbers from 0.40 to 1.20, at angles of attack from about -6° to 16°, and at 
angles of sideslip of 0° and 5°. 


SYMBOLS 

The aerodynamic coefficients presented herein are referred to the body axes system 
with the exception of the lift and drag coefficients which are referred to the stability axes 
system. The moment reference center was located at 50 percent of the body length along 
the model reference line. (See fig. 1.) All coefficients are based on the planform area, 
length, and span of the body alone. 



body span, 16.683 cm (6.568 in.) 


drag coefficient, 

’ qS 


lift coefficient, 


Lift 

qS 


rolling-moment coefficient, moment 

qSb 


AC] 

effective dihedral parameter, per deg 


pitching-moment coefficient, moment 

qSZ 
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Cm,o 




L/D 

(L/D) ma x 

l 

M 

q 

R 

S 

a 

P 

6 e,Z 

6 e,u 

A 


pitching-moment coefficient at C L = 0° 

yawing -moment coefficient, — ™ 

AC n 

yawing-moment parameter, , per deg 

A/3 

side -force coefficient, S — - e - f - °- ce 

qS 

ac y 

side -force parameter, per deg 

lift-drag ratio 

maximum lift -drag ratio 

body length, 0.6568 m (2.155 ft) 

free -stream Mach number 

free-stream dynamic pressure 

Reynolds number based on body length 

body projected planform area, 0.08542 m^ (0.91944 ft^) 

angle of attack referenced to body axis (see fig. 1), deg 

angle of sideslip, deg 

lower eleven deflection (fig. 1), positive for trailing edge down, deg 
upper elevon deflection (fig. 1), positive for trailing edge down, deg. 
wing leading -edge sweep angle, deg 
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APPARATUS AND METHODS 


Model 

Details of the model are shown in figure 1 and geometry characteristics are shown 
in table I. The basic spacecraft had cross-sectional shape progressions as indicated in 
figure 1 and was provided with two outboard -mounted vertical tails which had a cant angle 
of 13° and a toe-in angle of 11.5°. The spacecraft had upper surface afterbody boattailing 
of about 12° and was provided with upper and lower elevons located at the trailing edge of 
the spacecraft. 

The model was also provided with a deployable low wing which had a constant chord 
and an incidence angle of 5° when at a 0° sweep position. The airfoil was a modified 
NACA 64g-618 section. The wing was tested at sweep angles of 20°, 65°, 75°, and 90° 
(stowed), Some photographs of the model are shown as figure 2. 

Tests 

The tests were conducted in the Langley 8-foot transonic pressure tunnel at Mach 
numbers from 0.40 to 1.20 at angles of attack from about -6° to 16°, and at angles of 
sideslip of 0° and 5°. The stagnation dewpoint temperature was maintained sufficiently 
low to avoid condensation effects at all test Mach numbers. The variation of the test 
Reynolds number, based on the body length, with Mach number is as shown in figure 3. 

All tests of the model were performed with a 0.05-inch-wide (0.13-cm) band of 
No. 120 (0.0049 in. or 0.0124 cm) carborundum grit located 0.80 inch (2.03 cm) stream- 
wise behind the nose and vertical tails and 0.60 inch (1.52 cm) streamwise behind the 
wing leading edge. A Reynolds number study was not conducted in the present investiga- 
tion; however, a fluorescent-oil technique (ref. 2) was used to insure that grit size selected 
tripped the flow to turbulent conditions. For some of the runs, the entire lower surface 
of the body was covered with a uniform coating of No. 80 (0.0083 in. or 0.0211 cm) carbo- 
rundum grit to obtain some information on the effects of ablation surface roughness. 

Model Support, Measurements, and Corrections 

The model was sting supported and the aerodynamic forces and moments were mea- 
sured by an internally mounted six-component strain-gage balance. When the lower 
elevon was deflected to -15°, part of the sting forward of the base was exposed to the air- 
stream. (See fig. 4(a).) To obtain some information on the potential sting interference 
effects when the lower elevon was in this position, a fairing over the exposed part of the 
sting, forward of the base, was attached to the lower elevon. (See fig. 4(b).) 
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Balance chamber and base pressures were measured by means of static orifices 
located in the balance chamber and at the base of the model. No base drag corrections 
were made to the data. No sting interference corrections were applied to the data. 
Angles of attack and sideslip were corrected for balance and sting deflection due to aero- 
dynamic load. No corrections were made for tunnel flow misalinement; however, for 
lifting body models of this size, past experience has indicated that the tunnel flow mis- 
alinement is negligible. 


PRESENTATION OF RESULTS 


The results of this investigation were presented in the following figures: 

Longitudinal aerodynamic characteristics (/3 = 0°) of the configuration for - 

Effect of elevon fairings 

Effects of wing sweep for - 

6 e,Z = 0 °; 6 e,u =0 ° 

6 e i = -15° (faired); 6 g u = -10° (faired) 

Effects of elevon deflections for - 

A = 20° 

A = 75° 

Effect of thermal-protection-system roughness 

Lateral -directional aerodynamic characteristics of the configuration with 
wings deployed to - 

A = 20° 

A = 75° 


Figure 

5 

6 

7 

8 
9 

10 

11 

12 


Effect of thermal -protection-system roughness on lateral -directional 

aerodynamic characteristics 13 

Lateral -directional stability parameters of the wings deployed to - 

A = 20° 14 

A =75° 15 

Effect of thermal -protection-system roughness on lateral -directional 

stability parameters *. 16 
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DISCUSSION 


The configuration of the present investigation represents one approach by means of 
significant afterbody boattailing and variable -sweep wings toward achievement of a high 
subsonic L/D. The present investigation was undertaken primarily to define the tran- 
sonic aerodynamic characteristics; however, data were also obtained at subsonic speeds 
to identify some of the lower speed characteristics associated with the design approach. 

Longitudinal Aerodynamic Characteristics 

The data obtained for the lower elevon deflected -15° and with the lower elevon 
fairing on and off are presented in figure 5. (See fig. 4 for fairing details.) Also shown 
in this figure are data for a configuration with the lower elevon fairing on and with the 
upper elevon span extended to the side of the vertical tails, which increased the upper 
elevon area by 15 percent. The results shown in this figure indicate that there must be 
some sting interference when the lower elevon is deflected to -15°. The interference 
effects caused a displacement of the data curves and a resulting change in C m 0 which 
would affect the trim characteristics of the configuration and consequently the trimmed 

(L/D) max - 

Figures 6 and 7 indicate that deploying the wings to 20°, 65°, or 75° increased the 
static longitudinal stability of the basic spacecraft at all Mach numbers. At Mach num- 
bers at or below 0.60, untrimmed (L/D) max is substantially increased by deploying the 
wings to A = 20° whereas at Mach numbers above 0.60, the wings swept to 65° or 75° 
give the maximum untrimmed L/D. Figures 6 and 7 show that for all configurations 
with the wings deployed, the model displayed pitch-up or pitch-up tendencies at the higher 
lift coefficients at almost all Mach numbers. 

The model with the wings deployed or stowed and with the elevons set at 0° has a 
large negative C mj0 . (See figs. 6 and 8.) Figure 8 includes data at other elevon settings 
with the wings deployed to A = 20° and indicates that a large negative deflection of both 
upper and lower elevons would be required to trim at moderate lift coefficients and would 
result in a substantial loss in (L/D) max . The loss in (L/D) max is twofold. First, if 
the lower elevon is deflected to a large negative angle, flow separation would be expected 
to occur on the lower elevon surface thereby increasing the drag. Secondly, deflection of 
the upper elevon increases the base area and consequently the base drag. Hence, the loss 
in (L/D) m a X indicated in figure 8 due to deflection of the lower and upper elevons 
appears to be reasonable. However, a complete analysis of the drag increments due to 
elevon defle.ctions would be required to determine the actual trimmed (L/D) max . Such 
an analysis is beyond the scope of this paper. Figure 8 also indicates that for the model 
with the wings deployed to A = 20° and at Mach numbers at or below 0.60, the maximum 
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Cl measured did not exceed 0.60 and this value was for conditions considerably out of 
trim. Furthermore, pitch-up is indicated at lift coefficients near the lift coefficient 
for (L/D) max . 

Figure 10 presents the longitudinal results for a configuration in which an attempt 
has been made to quantify the effects of ablation roughness by applying a uniform distri- 
bution of carborundum over the entire lower surface of the body even though the method 
of scaling such roughness is not known. The data show that the distributed roughness 
produced only small changes in the longitudinal data. 


Lateral -Directional Aerodynamic Characteristics 

Figure 14 indicates that the model with the wings swept to A = 20° had negative 
effective dihedral Mach numbers of 0.80 and 0.90 and at angles of attack less 

than about 3°. At Mach numbers of 0.40 and 0.60, large changes in Cj are indicated 

at positive angles of attack because of flow separation on the wing. The static directional 
stability parameter C n „ is shown to decrease with increasing angle of attack and C 


'n/3 

becomes negative at the larger angles of attack for all Mach numbers between 0.40 
and 0.90. 




(-%) 


Sweeping the wings to 75° provides the model with positive effective dihedral 

throughout the angle-of-attack range and at Mach numbers between 0.60 to 1.20. (See 
fig. 15.) However, the static directional stability parameter becomes negative or zero 
over a large portion of the angle-of-attack range at Mach numbers from 0.90 to 1.20. 

Results to quantify the effects of ablation surface roughness on the lateral- 
directional aerodynamic characteristics and parameters are presented in figures 13 
and 16, respectively. The data of figure 13 indicate that there are indeed some differ- 
ences in the aerodynamic coefficients with the model smooth or rough. However, except 
near the highest test angles of attack, all the trends of the data at either 0° or 5° sideslip 
are close. The differences in rolling -moment coefficient (fig. 13) and hence C 

(fig. 16) shown at the higher angles of attack are associated with the flow separation on 
the wings rather than changes in the flow on the body due to the presence of the roughness. 


SUMMARY OF RESULTS 

Wind-tunnel tests to determine the basic aerodynamic characteristics of a variable- 
geometry spacecraft at transonic speeds have indicated the following results: 

1. Deploying the wings to 20°, 65°, or 75° increased the static longitudinal stability 
of the basic spacecraft at all test Mach numbers from 0.40 to 1.20. 
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2. The model with the wings stowed or deployed requires a large negative deflec- 
tion of the elevons to trim at any reasonable lift coefficient as a result of a negative 
pitching moment at zero lift; as a result, there is a substantial loss in maximum lift-drag 
ratio. 

3. The model with the wings deployed to 20° has pitch-up near the lift coefficient 
for maximum lift-drag ratio at Mach numbers of 0.40 and 0.60. 

4. The model with the wings deployed to 20° had positive effective dihedral through- 
out the angle -of -attack range at Mach numbers of 0.40 and 0.60 whereas sweeping the 
wings to 75° provided the model with positive effective dihedral at Mach numbers above 

0.60. 

5. The static directional stability of the model with the wings deployed to 20° or 75° 
was deficient over large portions of the angle -of -attack range at all test Mach numbers. 

6. Results to quantify the effects of ablation surface roughness on the longitudinal 
and lateral -directional aerodynamic characteristics by applying a uniform distribution 
of carborundum grit over the entire lower surface of the body showed that the distributed 
roughness produced only small changes in the aerodynamic data; however, the method of 
scaling such roughness is not known at this time. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., January 30, 1970. 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL 


Body reference dimensions: 

Length, cm (in.) 

Span, cm (in.) 

Area, cm 2 (in 2 ) 

Body: 

Length, cm (in.) 

Plan area (without fins), cm 2 (in 2 ) 

Width (without fins), cm (in.) 

Outboard vertical fin: 

Airfoil 

Area (true, per fin), cm 2 (in 2 ) 

Dihedral (angle with respect to vertical), deg . 

Incidence (leading edge toed in), deg 

Leading-edge sweep (projected side view), deg 

Root chord (theoretical), cm (in.) 

Tip chord (theoretical), cm (in.) 

Span (root to tip chord), cm (in.) 

Upper flap: 

Area (reference), cm 2 (in 2 ) 

Chord (reference), cm (in.) 

Span (reference), cm (in.) 

Hinge -line sweep, deg 

Lower flap: 

Area (reference), cm 2 (in 2 ) 

Chord (reference), cm (in.) 

Span (reference), cm (in.) 

Hinge -line sweep, deg 

Wing: 

Airfoil 

Planform shape 

Incidence angle (A = 0°), deg 

Exposed area, cm 2 (in 2 ), at - 

A = 20° . . 

A = 65° 

A =75° 

Elevon base areas, cm 2 (in 2 ), for - 

«e,l = °°; 5 e,u = °° 

5 e,l = " 15 °; 5 e,u =0 ° 

5e,J=-l 5 °; 6 e,u = - 10 ° 

6 e,i = - 15 ° (faired); 6 e>u = -25° 


65.684 (25.860) 
16.683 (6.568) 
854.185 (132.399) 

65.684 (25.860) 
854.185 (132.399) 
16.683 (6.568) 

Slab 

69.742 (10.810) 

13.0 

11.5 

60.5 

16.078 (6.330) 
4.470 (1.760) 
9.652 (3.800) 

85.806 (13.300) 
6.706 (2.640) 
12.802 (5.040) 
0 

85.806 (13.300) 
6.706 (2.640) 
12.802 (5.040) 
0 

Modified 64g-618 
Rectangular 
5 

239.690 (37.152) 
173.264 (26.856) 
94.761 (14.688) 

39.484 (6.120) 
20.129 (3.120) 
35.871 (5.560) 
58.839 (9.120) 
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(a) Top view. 


L-68-3342 



(b) Side view. 

Figure 2.- Photographs of model. 


L-68-3341 
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Figure 3.- Variation of test Reynolds number with Mach number. 
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(a) M = 0.40. 

Figure 5.; Effect of elevon fairings on the longitudinal aerodynamic characteristics of the model with wings deployed to A = 20°. 
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(a) Concluded. 
Figure 5.- Continued. 
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(b) M = 0 . 60 . 
Figure 5.- Continued. 
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(b) Concluded. 
Figure 5.- Continued. 
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(c) M = 0.80. 
Figure 5 - Continued. 
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(c) Concluded. 
Figure 5.- Continued. 
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(d) M = 0.90. 
Figure 5 - Continued. 
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(d) Concluded. 
Figure 5.- Concluded. 


23 


— I|Q 



a,deg 


'm 



-.04 


.4 .5 .6 .7 .8 


(a) M = 0.60. 

Figure 6.- Effect of wing sweep on the longitudinal aerodynamic characteristics of the model. 6 , = 0°; 6 = 0°. 
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(a) Concluded. 
Figure 6.- Continued. 
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(b) M = 0.90. 
Figure 6.- Continued. 
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(b) Concluded. 
Figure 6.- Continued. 
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<d) M = 1.20. 
Figure 6.- Continued. 
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(d) Concluded. 
Figure 6.- Concluded. 
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(a) M = 0.40. 

Figure 7.- Effect of wing sweep on the longitudinal aerodynamic characteristics of the model. 6^ = -15° (faired); 6 g = -10° (faired). 
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(a) Concluded. 
Figure 7.- Continued. 
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(b) M = 0.60. 
Figure 7.- Continued. 
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(b) Concluded. 
Figure 7.- Continued. 
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(c) Concluded. 
Figure 7.- Continued. 
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(d! M = 0.90. 
Figure 7.- Continued. 















(d) Concluded. 
Figure 7.- Concluded. 
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(a) M = 0.40. 

Figure 8.- Effect of elevon deflections on the longitudinal aerodynamic characteristics of the model with wings deployed to A = 20°. 




(a) Concluded. 
Figure 8.- Continued. 
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(b) M = 0.60. 
Figure 8.- Continued. 
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(b) Concluded. 


Figure 8.- Continued. 
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(0 M = 0.80. 

Figure 8.- Continued. 
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(c) Concluded. 
Figure 8.- Continued. 
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<d) M = 0.90. 
Figure 8.- Continued. 
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(d) Concluded. 
Figure 8.- Concluded. 


47 


or - 


20 



C L 


(a) M = 0.60. 

Figure 9 - Effect of elevon deflections on the longitudinal aerodynamic characteristics of the model with wings deployed to A = 75°. 
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(a) Concluded. 
Figure 9.- Continued. 
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(bi M = 0.90. 
Figure 9.- Continued. 
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(b) Concluded. 
Figure 9.- Continued. 
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(c) M = 1.00. 
Figure 9.- Continued. 
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(d) M = 1.20. 
Figure 9.- Continued. 
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(d) Concluded. 
Figure 9.- Concluded. 
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(a) M = 0.40. 


Figure 10.- Effect of thermal-protection-system roughness on the longitudinal aerodynamic characteristics of the model with wings deployed 


to A = 20°. 6, 


'e,l 


0°; 6 = OP. 
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(a) Concluded. 
Figure 10.- Continued. 
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(b) M = 0.60. 
Figure 10.- Continued. 
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(b) Concluded. 
Figure 10.- Continued. 
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(c) M = 0.80. 
Figure 10.- Continued. 
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(c) Concluded. 
Figure 10.- Continued. 
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(d) M = 0.90. 
Figure 10.- Continued. 
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(d) Concluded. 
Figure 10.- Concluded. 
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(a) M = 0.40. 

Figure 11.- Lateral-directional aerodynamic characteristics of the model with wings deployed to A = 20°. 
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(b) M = 0.60. 
Figure 11.- Continued. 
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(c) M = 0 . 80 . 

Figure 11.- Continued. 


66 





a, deg 


(a) M = 0.60. 

Figure 12.- Lateral-directional aerodynamic characteristics of the model with wings deployed to A = 75°. 6 e j = 0°; 6 e u = 0°. 


68 




-8 -6 -4 


6 18 20 


(b) M = 0.90. 
Figure 12.- Continued. 
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<C) M = 1.00. 
Figure 12.- Continued. 


70 




Cy -.04 
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Figure 12.- Concluded. 
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(a) M = 0.40. 

Figure 13.- Effect of thermal-protection-system roughness on the lateral-directional aerodynamic characteristics of the model with wings 

deployed to A = 20°. 6 e j = 0°; 6 e u = 0°. 
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(b) M = 0.60. 
Figure 13.- Continued. 


73 



-8 -6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 

a, deg 


(c) M = 0.80. 
Figure 13.- Continued. 
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(d) M = 0.90. 
Figure 13.- Concluded. 
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(b) M = 0.60. 
Figure 14.- Continued. 
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(c) M = 0.80. 
Figure 14.- Continued. 
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(d) M = 0.90. 
Figure 14.- Concluded. 
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(a) M = 0.60. 

Figure 15.- Lateral-directional stability parameters of the model with wings deployed to A = 75°. 6 , = 0°; 6 = 0°. 

6, C 6,11 
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(b) M = 0.90. 
Figure 15.- Continued. 
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Figure 15.- Continued. 
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Figure 15.- Concluded. 


83 


.006 



84 


,006 



(b> M = 0.60. 
Figure 16.- Continued. 
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(c) M = 0.80. 
Figure 16.- Continued. 
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(d) M = 0.90. 
Figure 16.- Concluded. 
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